The abundance and composition of zooplankton down to 3000 m depth was studied in the subtropical and tropical latitudes across the Atlantic, Pacific and Indian Oceans (35 • N-40 • S). Samples were collected from December 2010 to June 2011 during the Malaspina Circumnavigation Expedition. Usually, low abundances were observed with the highest values found in the North Pacific Ocean, Benguela, and off Mauritania, and the lowest in the South Pacific Ocean. No significant differences in abundance and zooplankton composition were found among oceans, with depth being consistently the most important factor affecting their distribution. Each depth strata were inhabited by distinct copepod assemblages, which significantly differed among the strata. The contribution of copepods to the zooplankton community increased with the depth although, as expected, their abundance strongly decreased. Among the copepods, 265 species were identified but 85% were rare and contributed less than 1% in abundance. Clausocalanus furcatus and Nannocalanus minor dominated the epipelagic strata. Pleuromamma abdominalis and Lucicutia clausi were of importance in the mesopelagic layer, and Pareucalanus, Triconia, Conaea and Metridia brevicauda in the bathypelagic layer. Our results provide a global-scale assessment of copepod biodiversity and distribution, providing a contemporary benchmark to follow future ocean changes at low latitudes.
Introduction
The deep-sea is the largest habitat on earth and also the least known [1] . About 88% of the ocean surface is deeper than 1 km, the boundary between the mesopelagic (200-1000 m depth) and bathypelagic (below 1000 m depth) layers and almost 80% is between 3-6 km depth [2] . Yet, the exploration of the dark ocean (>200 m) lags well behind that of the epipelagic (0-200 m depth) layer. Deep-sea zooplankton communities generally have low abundances and thus, large sampling systems are needed to filter sufficient amounts of water. Due to the high cost of gear, ship-time, and large Table 1 [7] . The numbers indicate the first and last zooplankton stations samples at each leg. Samples were collected from the surface layer down to 3000 m depth with an opening-closing 0.5 m 2 Hydrobios Multinet equipped with 5 nets of 300 µm mesh and a flowmeter to measure the volume of water filtered. Stratified vertical tows were performed during day hours (10:00 to 14 Table 1 [7] . The numbers indicate the first and last zooplankton stations samples at each leg. Samples were collected from the surface layer down to 3000 m depth with an opening-closing 0.5 m 2 Hydrobios Multinet equipped with 5 nets of 300 µm mesh and a flowmeter to measure the volume of water filtered. Stratified vertical tows were performed during day hours (10:00 to 14:00 am Figure 1 ) to Rio de Janeiro and Cape Town, through the Indian Ocean to Perth and Sydney (Australia), Auckland to Hawaii and Cartagena de Indias in the Pacific Ocean. The last leg started in Cartagena de Indias and ended in Cadiz (Spain). The zooplankton stations visited were assigned to the different biogeographical provinces ( [7] ; Figure 1 ).
To describe the environmental scenario and relate later with the zooplankton distribution, temperature, salinity, oxygen, and fluorescence data (as a proxy for phytoplankton biomass) were obtained through the water column using a Conductivity-Temperature-Depth (CTD) Seabird/911-plus equipped with dual conductivity and temperature sensors calibrated at Seabird laboratory before the cruise. A rosette of 24 Niskin bottles (12 l) was used for water samples for the different biological analysis. At each hydrographic station the different variables were averaged for each stratum.
For the zooplankton collection, a total of 190 samples (collected at 38 stations along the cruise track; Figure 1 ) were analyzed and 42,716 organisms counted within the epipelagic (Ep: 0-200 m), mesopelagic (Me1: 200-500 m and Me2: 500-1000 m), and bathypelagic zones (Ba1: 1000-2000 m and Ba2: 2000-3000 m). A Folsom plankton splitter was used to analyze at least two aliquots representing the total organism abundance. All zooplankton groups were identified and standardized to number of individuals per m 3 . Copepods were identified, whenever possible, to species level following the literature for different regions of the world [18, 19, [39] [40] [41] [42] [43] [44] [45] .
Cluster and non-metric multi-dimensional scaling (NMDS) analysis were used to examine patterns in community structure. The analyses were based on the log-transformed abundance of zooplankton (ind·m −3 ). Those taxa which appeared in less than 2 stations or whose abundance was less than 0.1% were excluded from the Cluster and the NMDS analysis to avoid rare, poorly resolved taxa to dominate the analysis. The Bray-Curtis similarity index was applied coupled with group-average linkage. The same methodology was applied on the copepod species composition data in order to define copepod species assemblages. The similarity percentage (SIMPER) routine was then applied to identify the copepod species with higher contributions to the significant groups of samples. Significant differences in community structure between oceans and species were tested by ANOSIM. All procedures were performed using Primer-6 software package for the above analyses [46] .
Principal Component Analysis was conducted in order to reveal correlation patterns and to avoid co-linearity with the environmental variables considered (temperature, salinity, fluorescence and dissolved oxygen data, averaging over each stratum). Redundancy Analysis (RDA; [47, 48] . The most dominant copepods of each strata (>20% occurrence) were related to the environmental variables selected. The potential variance conferred by oceans, longitude and latitude, were controlled including these co-variables as condition factors. The significant effect of each environmental variable was assessed using the permutation procedure implemented in the ANOVA function. The goodness of RDA fitted was ensured after testing the linear dependencies among explicative variables by means of variance inflation factors (VIF) obtaining values >3 [47] .
In addition, generalized linear mixed models (GLMMs, fitted using R lme4 library; [49] ) were used to test for potential differences in species abundance, number of species, and diversity (H'; Shannon index) among layers and oceans. In this sense, response variables were individually tested in function of layer, ocean, and the interaction between them (Layer*Ocean). Considering the potential variability within sampling stations, the three GLMMs incorporated the Station as a random factor.
Results

Environmental Data
Temperature in the epipelagic layer ranged from 17 • C in BENG, NATR and NPEC to 24. More uniform temperatures were observed in the Indian Ocean, ranging from 18 to 21 °C. In the meso-and bathypelagic zones, temperature followed similar oscillations in the three oceans. Values in the upper mesopelagic zone (200-500 m depth) ranged from 16.0 °C in the North Atlantic to 9 °C in the North Pacific. In the lower mesopelagic zone (500-1000 m depth), these values were also similar among oceans ranging from 10.7 °C to 4.7 °C. Finally, in the bathypelagic strata the temperature varied from 3.4 °C to 6 °C in 1000-2000 m depth and was rather uniform at about 1.9 °C below 2,000 m depth (Figure 2a More uniform temperatures were observed in the Indian Ocean, ranging from 18 to 21 • C. In the meso-and bathypelagic zones, temperature followed similar oscillations in the three oceans. Values in the upper mesopelagic zone (200-500 m depth) ranged from 16.0 • C in the North Atlantic to 9 • C in the North Pacific. In the lower mesopelagic zone (500-1000 m depth), these values were also similar among oceans ranging from 10.7 • C to 4.7 • C. Finally, in the bathypelagic strata the temperature varied from 3. 
Zooplankton Abundance and Main Groups
The abundance of zooplankton was generally low throughout the subtropical and tropical oceans (Figure 3a ), reflecting the prevailing oligotrophic nature of the waters sampled. However, higher values off upwelling divergence areas such as WTRA, SATL, BENG, and NPTG-PNEC ( Figure 3a ) were observed.
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The abundance of zooplankton was generally low throughout the subtropical and tropical oceans (Figure 3a ), reflecting the prevailing oligotrophic nature of the waters sampled. However, higher values off upwelling divergence areas such as WTRA, SATL, BENG, and NPTG-PNEC ( Figure 3a ) were observed. High variability of zooplankton abundance was found in the studied area among strata ( Figure 3a ). In the epipelagic layer, the zooplankton abundance was usually >200 ind·m −3 . The highest abundance was found in the SATL area (St. 29) at the epipelagic layer but also in WTRA and BENG, which also exhibited high abundances in the mesopelagic layer (200 to 500 m depth, 100 ind·m −3 ). In the bathypelagic zone, very low abundances were generally observed (<3 ind·m −3 ) with the highest abundance in upwelling zones (<6 ind·m −3 ). Zooplankton abundance declined sharply with depth, comprising, on average, 82% of the depth-integrated abundance in the epipelagic layer ( Figure 3b ). Mesopelagic zooplankton contributed 4 to 12% of water column abundance, while the bathypelagic layer comprised <1% of the abundance. Seventeen different zooplankton groups were identified of which seven displayed abundances <1%. Overall, copepods were the dominant group in all samples (80%), followed by chaetognaths (5%), ostracods (3%), and siphonophores (3%). Other groups such as appendicularians (2%), euphausiids (1%), and amphipods (1%) were rarely observed ( Figure 3 and Figure 4 ).
The vertical distribution of zooplankton abundance was consistent across the three oceans sampled and significant differences were found in the abundance and structure of main zooplankton groups (ANOSIM R: 0.049; significance level of 10.3%). Nevertheless, we found significant differences among the five sampled layers (ANOSIM R: 0.559; significance level of 0.1%). Simper analysis indicated the contribution of main zooplankton groups at each layer, from the surface down to greater depths where copepods exhibited always the highest dominance ( Table 2 ). Copepod abundance was always >78%, chaetognaths and siphonophores were found across the different layers of the water column, while euphausiids were mainly found at mesopelagic layers, and ostracods in bathypelagic depths down to 2000 m depth ( Figure 4 ; Table 2 ). Multidimensional analysis of main zooplankton groups and copepod species revealed the highest similarity among epipelagic stations (40%) followed by the mesopelagic ones (30%). Below 500 m depth, zooplankton abundance was more irregular among the stations and less similarity was observed going to the deep strata ( Figure 5a ). When all stations were averaged at each stratum, it was observed clear ordination among the strata but in particular from 500 m depth to deeper waters Multidimensional analysis of main zooplankton groups and copepod species revealed the highest similarity among epipelagic stations (40%) followed by the mesopelagic ones (30%). Below 500 m depth, zooplankton abundance was more irregular among the stations and less similarity was observed going to the deep strata ( Figure 5a ). When all stations were averaged at each stratum, it was observed clear ordination among the strata but in particular from 500 m depth to deeper waters ( Figure 5b ). Interesting to mention that besides the highest abundances found in the Ep strata, high abundances of zooplankton were also found at the Me1 stratum in WTRA, BENG, NPEC, and NPTG areas.
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Copepod Composition, Dominant Species, and Diversity
Copepods dominated the zooplankton community across the subtropical and tropical oceans. Figure 6 ). We identified a total of 36 families, and 265 species of copepods (Table 3) , but almost 80% of copepod species were consistently rare (each less than 1% of the community). The highest number of copepod species with a contribution higher than 1% was found in the epipelagic layer (21% of the total species number, Figure 4 ), but considering the total number of the species found, the highest copepod species number was found between 500 and 1000 m (n = 158 species) where almost 92% of the total species were less than 1% in abundance. The abundance of copepods, species number, and H' clearly declined from the epipelagic to the 
Copepods dominated the zooplankton community across the subtropical and tropical oceans. Figure 6 ). We identified a total of 36 families, and 265 species of copepods (Table 3) , but almost 80% of copepod species were consistently rare (each less than 1% of the community). The highest number of copepod species with a contribution higher than 1% was found in the epipelagic layer (21% of the total species number, Figure 4 ), but considering the total number of the species found, the highest copepod species number was found between 500 and 1000 m (n = 158 species) where almost 92% of the total species were less than 1% in abundance. The abundance of copepods, species number, and H' clearly declined from the epipelagic to the bathypelagic layer (p < 0.001; Figure 6 ). Such a decrease was similar across the three sampled oceans (p > 0.05, Figure 6 ).
Diversity 2019, 11, x FOR PEER REVIEW 10 of 28 bathypelagic layer (p < 0.001; Figure 6 ). Such a decrease was similar across the three sampled oceans (p > 0.05, Figure 6 ). Nevertheless, the decrease was not linear because of the increased values in the mesopelagic zones. The highest diversity was usually observed in the epipelagic layer but it was only slightly above that observed in mesopelagic layers, with the strongest decrease observed below 2,000 m depth. It was interesting to see that meanwhile the highest diversity in the mesopelagic zone was found in the Pacific Ocean at Me1, in the Atlantic Ocean was found deeper (in Me2). The Indian Ocean showed the highest diversity in the bathypelagic layer ( Figure 6 ).
Among the 78 genera of copepods found in our study, Clausocalanus, Oithona, Oncaea, Corycaeus, Acartia, Euchaeta, and the Calanids dominated the Ep layer. Pleuromamma, Lucicutia, Heterorhabdus, Augaptilids, Aetideus dominated in the Me1, while Metridia, Gaetanus, Euchirella, Lophothrix and Chiridius in the Me2. In the bathypelagic layers, Amallothrix, Undeuchaeta, Chirundina, Scottocalanus, and Tortanus dominated. Conaea and Oncaea were also important below 1,000 m depth. Here, we mention that, although not very abundant, in the bathypelagic layers of productive areas, we identified some small calanoids (Paracalanus, Clausocalanus, Calocalanus, Acrocalanus) and non-calanoids such as Oithona. Nevertheless, the decrease was not linear because of the increased values in the mesopelagic zones. The highest diversity was usually observed in the epipelagic layer but it was only slightly above that observed in mesopelagic layers, with the strongest decrease observed below 2000 m depth.
It was interesting to see that meanwhile the highest diversity in the mesopelagic zone was found in the Pacific Ocean at Me1, in the Atlantic Ocean was found deeper (in Me2). The Indian Ocean showed the highest diversity in the bathypelagic layer ( Figure 6 ).
Among the 78 genera of copepods found in our study, Clausocalanus, Oithona, Oncaea, Corycaeus, Acartia, Euchaeta, and the Calanids dominated the Ep layer. Pleuromamma, Lucicutia, Heterorhabdus, Augaptilids, Aetideus dominated in the Me1, while Metridia, Gaetanus, Euchirella, Lophothrix and Chiridius in the Me2. In the bathypelagic layers, Amallothrix, Undeuchaeta, Chirundina, Scottocalanus, and Tortanus dominated. Conaea and Oncaea were also important below 1000 m depth. Here, we mention that, although not very abundant, in the bathypelagic layers of productive areas, we identified some small calanoids (Paracalanus, Clausocalanus, Calocalanus, Acrocalanus) and non-calanoids such as Oithona.
Only 12 species of copepods were found having abundances >3% (Clausocalanus furcatus, Nannocalanus minor, Euchaeta marina, Pareucalanus attenuatus, Mesocalanus tenuicornis, Calocalanus pavo, Acartia danae, and Scolecithrix danae among calanoids, and Oithona plumifera, Triconia conifera, Oncaea venusta, and O. mediterranea among the non-calanoids. Accordingly, the small cosmopolitan copepods were prevalent in the three oceans. C. furcatus (8%) was the most abundant species with a sharp presence in the upper layer of the Atlantic Ocean. N. minor was more abundant in the Pacific Ocean (Table 4 ), and P. indicus (9%), P. attenuatus (6%), and E. marina (5%) in the North Pacific Ocean. A. negligens was found dominant in the Indian Ocean. Among the non-calanoids, O. plumifera was present similarly in all the three oceans. Table 3 . List of families and species of copepods identified in this study. No-calanoids families and species are highlighted in grey. *Calanoides from the eastern Atlantic recently re-described [50] . Pleuromamma abdominalis and Lucicutia clausi were the dominant copepods in Me1. Among the non-calanoids, T. conifer, and O. plumifera also dominated from 200 to 500 m. In the Me2, P. attenuatus was particularly abundant in the East-North Pacific, but Rhincalanus cornutus, Metridia brevicauda, Conaea, and Subeucalanus crassus dominated in the three oceans. In the bathypelagic layers, M. brevicauda was also abundant as well as Conaea and T. conifera. Copepodites of Neocalanus tonsus and Calanoides cf. carinatus were also collected in the deep layers of the upwelling areas off BENG and WTRA, respectively. The whole contribution (%) of the dominant copepods to each stratum is detailed in Table 5 . C. furcatus and P. indicus were also found below 1,000 m depth in the productive areas of the Atlantic and Pacific Oceans. Cluster analysis revealed several assemblages, grouping those species dominating the epipelagic layer with 68% similarity level (Figure 7 , C. furcatus and N. minor among others, Group a). The more abundant species in mid-layers were grouped at 50% similarity level (Groups b and c). P. abdominalis and L. clausi as well as Aetideus and Heterorhabdus predominated in the whole mesopelagic. M. brevicauda, P. xiphias, P. robusta, N. tonsus and Gaetanus showed, however, other assemblage with high similarity (62%, group d) , dominant in the low mesopelagic layer. Among others, Undeuchaeta, Chirundina, Scottocalanus, Rhincalanus, C. cf. carinatus, and E. hyalinus (Group e) showed preference for the deepest layers. Cluster analysis revealed several assemblages, grouping those species dominating the epipelagic layer with 68% similarity level (Figure 7 , C. furcatus and N. minor among others, Group a). The more abundant species in mid-layers were grouped at 50% similarity level (Groups b and c). P. abdominalis and L. clausi as well as Aetideus and Heterorhabdus predominated in the whole mesopelagic. M. brevicauda, P. xiphias, P. robusta, N. tonsus and Gaetanus showed, however, other assemblage with high similarity (62%, group d) , dominant in the low mesopelagic layer. Among others, Undeuchaeta, Chirundina, Scottocalanus, Rhincalanus, C. cf. carinatus, and E. hyalinus (Group e) showed preference for the deepest layers. Figure 7 . Cluster analysis of main copepod species found (log x + 1) in the zooplankton stations using Bray-Curtis similarity. * C. cf carinatus from the eastern Atlantic recently re-described [50] .** Undeuchaeta (Und), Chirundina (Chi) and Scottocalans (Scott) were joined as a group due to the high similarity.
In summary, regarding the contribution (%) of the dominant copepods found at each layer, 12 species (41%) predominated in the epipelagic layer with C. furcatus, P. indicus, N. minor and E. marina (25%), and O. plumifera and O. venusta among the non-calanoids. In Me1, 15 species dominated (48%) with P. abdominalis and L. clausi (12%) as the most abundant. Ten species were found dominant in Me2 (26%) with Pareucalanus and T. conifera (23%) as the best represented. Below 1000 m depth, 9 and 11 species dominated in the upper and lower stratum respectively, being M. brevicauda, T. conifera, and Conaea the most abundant.
Temperature, salinity, fluorescence, and dissolved oxygen as main environmental variables shaped the structure of the copepod community in the tropical and subtropical domains (RDA; Figure 8 ). In summary, regarding the contribution (%) of the dominant copepods found at each layer, 12 species (41%) predominated in the epipelagic layer with C. furcatus, P. indicus, N. minor and E. marina (25%), and O. plumifera and O. venusta among the non-calanoids. In Me1, 15 species dominated (48%) with P. abdominalis and L. clausi (12%) as the most abundant. Ten species were found dominant in Me2 (26%) with Pareucalanus and T. conifera (23%) as the best represented. Below 1000 m depth, 9 and 11 species dominated in the upper and lower stratum respectively, being M. brevicauda, T. conifera, and Conaea the most abundant.
Temperature, salinity, fluorescence, and dissolved oxygen as main environmental variables shaped the structure of the copepod community in the tropical and subtropical domains (RDA; Figure 8 ). Temperature, dissolved oxygen, and fluorescence played a key role on the copepod community assemblages (p < 0.01), while for salinity such effect was not significant (p > 0.05). On the first axis, temperature and salinity were the main explanatory variables suggesting the important effect of layers on the community distribution. The second axis was mainly driven by fluorescence and dissolved oxygen, reflecting the importance of the upwelling on the copepod distribution. The bulk of copepods were found in the central area of the RDA (Figure 8 ), while main species along the first axis were related to temperature. N. minor, E. marina, C. pavo, and C. furcatus dominated the epipelagic strata and in those areas with a higher temperature, salinity, and fluorescence. By opposite, M. brevicauda, Conaea, and P. xiphias dominated the deepest layer characterized by low temperature and salinity values. Along the second axis, several copepods such as M. tenuicornis, C. jobei, and L. clausi at mid layers were found related to areas of higher dissolved oxygen concentrations. Similarly, Pleuromamma species such as P. abdominalis, P. xiphias, P. gracilis, and P. piseki were found also dominant in mid layers with high dissolved oxygen values. By opposite, Pareucalanus were found dominant at mid layers related to areas of low dissolved oxygen values. Temperature, dissolved oxygen, and fluorescence played a key role on the copepod community assemblages (p < 0.01), while for salinity such effect was not significant (p > 0.05). On the first axis, temperature and salinity were the main explanatory variables suggesting the important effect of layers on the community distribution. The second axis was mainly driven by fluorescence and dissolved oxygen, reflecting the importance of the upwelling on the copepod distribution. The bulk of copepods were found in the central area of the RDA (Figure 8 ), while main species along the first axis were related to temperature. N. minor, E. marina, C. pavo, and C. furcatus dominated the epipelagic strata and in those areas with a higher temperature, salinity, and fluorescence. By opposite, M. brevicauda, Conaea, and P. xiphias dominated the deepest layer characterized by low temperature and salinity values. Along the second axis, several copepods such as M. tenuicornis, C. jobei, and L. clausi at mid layers were found related to areas of higher dissolved oxygen concentrations. Similarly, Pleuromamma species such as P. abdominalis, P. xiphias, P. gracilis, and P. piseki were found also dominant in mid layers with high dissolved oxygen values. By opposite, Pareucalanus were found dominant at mid layers related to areas of low dissolved oxygen values.
Discussion
Our study provides a first coherent assessment of the zooplankton community in the three oceans at low latitudes (35 • N-40 • S) using the same technology, methods, and sampling strategy. At the same time our survey covered a broad depth range (0-3000 m depth) along 15 biogeographical provinces around the tropical and subtropical ocean [38, 51] .
According to our results, zooplankton abundance declined with depth across the three oceans, confirming the general view of zooplankton biomass vertical distribution [52] , and consistent with results previously reported in similar latitudes [15, 16, 24] . Although some latitudinal differences are common (more biomass in high latitudes than in the tropical ones) the rate of biomass decrease when increasing depth was similar in all domains and climatic zones where the influence of the surface layer is known to extend over 4000 m depth [5, 52, 53] . For instance, in the North Pacific, 65% of the zooplankton biomass in the 0-4000 m depth occurs at in the upper 500 m depth, and this percentage is similar through all regions because the zooplankton food in the deep sea depends on particles sinking from upper layers [8, [50] [51] [52] [53] . On the other hand, differences in abundances through the different latitudes were not observed [1, 53] . In the present work, one of the most remarkable characteristic of the vertical abundance changes across stations was observed between depth layers, as it was reported by several authors decades ago [5, 54] . Moreover, it should be noted that usually the zooplankton abundance was low but higher abundance values were found close to upwelling areas (e.g., off Mauritania, off Brazil, Benguela, North Pacific), confirming the findings of studies performed in different surveys [10, 15, 16, 53] . We also observed the impact of the upwelling on the enrichment of zooplankton abundance to affect the entire water column, even down to 3000 m. These observations highlight the significant role of the upwelling areas in the world oceans [10, 52] .
Within zooplankton, copepods always dominated the zooplankton community across oceans and depths (>70% of total zooplankton abundance), being more important in the open ocean environments [7, 15, 16, 41, 52, [55] [56] [57] . The high dominance of copepods confirms their key role in the marine pelagic food web by transferring primary production and microzooplankton biomass to higher trophic levels [58] , performing the overall abundance zooplankton pattern. The decrease of copepod abundance with increasing depth was similar in the three oceans, in accordance with the review of the zooplankton vertical distribution by Vinogradov [52] . Copepod abundances found in our study were usually low in comparison to other studies [16, 59] . However, this comparison is subject to caveats due to differences in nets, vertical or oblique hauls, and mesh sizes used. In fact, the mesh size of our nets was relatively large (>300 µm) and may have underrepresented the tiny copepods, possibly accounting for the observed low abundances.
The number of copepod species was always higher than 100 within the upper 2,000 m. However, the majority of them were less abundant than 1% of the whole community. The high species diversity found is a common feature of the tropical and subtropical domains [15, 16, 25] . Although peaking in mid-waters, the decline of species richness with depth observed across the subtropical and tropical oceans demonstrates the global nature of such patterns reported in earlier regional assessments [27, 60] . The vertical change in species diversity peaking in the mesopelagic layers was also observed in other areas and latitudes [53, 61] , suggesting this is a common pattern in the ocean worldwide. The different species are reported to strongly influence their feeding habits, reflecting diverse feeding modes.
Large sinking particles such as marine snow or larvacean houses are present in the deep strata playing an important role in the organic matter transport to the deep ocean [62] . Accordingly, food is originated at the surface layers, more patent in the rich productive areas, but sinking and fueling the deep sea and maintaining the copepod community in the deep ocean [53] .
Another characteristic of our study was the overall zooplankton community dominated by small sized copepod species. Smaller copepods were usually abundant at the upper strata while large copepods were mainly found deeper [10, 55, 56, 61, 63] . In oligotrophic areas, copepods are usually small sized [64, 65] and their feeding modes and life strategies are adapted to the low productivity of the subtropical and tropical ocean, minimizing their energy losses and thus being more efficient in energy transfer to higher trophic levels [66] . In fact, Clausocalanus species were found dominant in epipelagic waters along the tropical oceans [67] . These small copepods were almost restricted to the epipelagic layer with a quite limited vertical distribution, as it was noted long ago [68] . However, it is important to mention the presence of these copepods during our expedition in several upwelling divergent zones even in deep layers. They could be contaminants from shallower depths as observed in several reports in the literature [18, 42, [69] [70] [71] . However, it is interesting to note that in those upwelling areas the mixed layer was deeper (>160 m depth) than in open areas where normal stratified waters were about 30 m depth [51] . In any case, the presence of these small copepods in deep waters should deserve further research in order to discern between contaminants or the presence of some other mechanism explaining their deeper distribution.
We also observed the decline of copepod abundance accompanied by consistent changes in community structure from the epipelagic to bathypelagic layers. Zooplankton communities were structured by depth, with different species assemblages and the distribution of main groups clearly separated from the surface to deep waters, where temperature could reach uniform values below 2000 m depth.
The epipelagic zone was dominated by cosmopolitan species of small size [41] , such as C. furcatus, N. minor, E. marina, C. pavo, A. danae and S. danae. However, P. abdominalis, P. piseki, P. gracilis, P. xiphias and L. clausi were mainly found in the mesopelagic zone; these species are mentioned as daytime inhabitants of the deep layers, and strong vertical migrants [14, 41, 57, 72] . The non-calanoids T. conifera, O. venusta, and O. plumifera were present in epi-and bathypelagic waters, and they were also present in the mesopelagic zone, in accordance with their general distribution pattern [41] , and their occurrence in the tropical zone off Brazil [57] . M. brevicauda, Conaea, Monacilla, R. cornutus, N. tonsus and C. cf. carinatus were found in the lower mesopelagic and bathypelagic zones, in accordance with their presence in other areas of the Atlantic Ocean [12, 14, 26] and their cosmopolitan distribution. In relation to the ontogenic vertical distribution, N. tonsus and C. cf. carinatus copepodites were observed in several stations at deep strata. They were only found in the meso-and bathypelagic layers of upwelling systems, as previously reported [11, 12, 14] . The cosmopolitan species occur widely throughout the uniform environmental conditions of low latitudes, in particular in the oligotrophic regions, and most native species seems to be important in the upwelling and productive areas [1] . The low temperature of the deep ocean could indicate that there was not barrier to the distribution of the deep sea cosmopolitan species as observed in our work. The depth segregation of zooplankton assemblages was found to be consistent among oceans. Depth, rather than oceans or biogeographical provinces, seem to be the primary factor structuring the habitat and communities of zooplankton, as it has been already mentioned [10, 73] . According to RDA analysis, the richer areas with high phytoplankton (as fluorescence) but in particular temperature and dissolved oxygen concentration were relevant variables and related to the copepod distribution. As expected, depth was correlated with temperature and it could explain better the copepod distribution. Accordingly, we observed N. minor and M. brevicauda segregated in relation to temperature, L. clausi and Pareucalanus also segregated in relation to the concentration of dissolved oxygen, or Euchaeta marina and Conaea in relation to the fluorescence. It was particularly interesting to observe that Pareucalanus organisms showed their highest abundance in the Eastern North Pacific, closer to the oxygen minimum zone. These copepods, together with Eucalanids, normally show a wide range of ecological strategies but are also known to tolerate low oxygen conditions [74] . To properly understand all this, further research has to be done but the relationship observed between copepod assemblages and temperature as well as oxygen could suggests that ocean warming and expanding OMZs, may lead to changes in some zooplankton assemblages. The data reported here provide a, hitherto unavailable, guideline to assess changes in future.
Conclusions
This study provides a useful global assessment of subtropical and tropical zooplankton communities along the Atlantic, Indian and Pacific Oceans, focusing on copepods and their main species dominating the communities. Whereas abundance declined with depth, species number and diversity remained high throughout the water column, peaking in the mesopelagic layer. Overall, vertical profiles of copepod abundance and diversity for the three oceans were similar, and differences were mainly due to some species and their proportion rather than total abundances. Moreover, the tropical-subtropical oceanic waters were characterized by cosmopolitan copepods and by the dominance of small-sized species, which are well adapted to the oligotrophic conditions of the tropical and subtropical oceans. As it was expected, several upwelling divergent areas showed higher zooplankton abundances down to bathypelagic depths highlighting the relevance of these areas for the whole tropical and subtropical ocean. Moreover, the relationship observed between dominant copepod species and main environmental variables such as temperature and oxygen suggest that ocean warming and the expansion of OMZs, could lead to changes in the zooplankton community. The data reported here provide a, hitherto unavailable, guideline to assess changes in the future.
